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(g) Polymeric particles. 

(57) Core and shell polymeric particles are described that have mlcrovoids in the core and one or more 
channels connecting the mlcrovoids to the exterior of the particle. These particles, or LCAPs are 
produced by forming a core of polymeric acid, encasing the core in a shell polymer permeable to base 
and then neutralizing thB core such that the core swells, causing the shell to ' explode m a controlled 
fashion This controlled explosion causes channels to form in the shell. These particles can be used as 
control release devices for target compounds, to Impart reinforcing properties to acrylic Alms, as an 
opacifying agent In coating compositions, and as a supplement or replacement of part or* all of the 
pigmentary material or extenders that would otherwise be used In such coating compositions.; ■ 
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in the core and one or more channels connecting the microvoids to the exterior of the "«' | * te J^P""^ 
«n *f P reduced by forming a core of polymeric acid or base, encasing .the core In a shell ££"r££?^ 
to base or acid, and then neutralizing the core such that the core swells ^ m 9^J^\^^^ 
conned fashion. This controlled explosion causes channels to form In the shell The particles 
Z nrtoo] release devices for target compounds, to Impart reinforcing properties to acrylic films, as an opach- 
! 55 Snnr f "eCcomposrtbns. and as a supplement or placement of part or all of the pigmentary ma- 
t^riai or extendars that would otherwise b© used in such coating compositions. 

ZCSSSu eta... in U.S. Pat No. 4.427.836 C 836). discloses the produchon^and of an 
aqueous d^persten of water-insoluble particu.ate heteropolymers made by sequential emulsion 
tion. The particles disclosed in the '836 patent have a core of polymeric acid encased a , shaH, 
meable to volatile bases, such as ammonia or an organic amine. The shell .9 not permeable to permanent, 
nT-^lal bases such as sodium hydroxide. When the particle is exposed to a volatile base, the base per- 
mTeS ^he shetand at least par tiaHy neutralizes the ?^^^ d t ^ ^V^ltn^ 
of hvdration Uoon drying the aqueous dispersion and volatilization of the volatile base and water, an enlarged 
Sa mLovo.d is termed. Because of the formation of mierovoids during drymg the 
aqueous dispels of thl "836 patent * usefo. as an opacifying agent in water-based coating compos^ 
Kowa^M et al in related U.S Pat No. 4,469.825 C825) dtedosee core and ehell polymer particles whereh 
the Sat composed of^ymerie base.and Z encased in a shell polymer permeable to an acid, such as acetic 
Irtd m£L ^eric baee core is neutralized and swollen with the acid. Similar to the '836 patent, an aqueous 
d P eSonT^^^^ confining core and shell partic.ee of the "825 patent » useful 

rn mawng weS 'b^sed coating compositions, wherein mlcrevoids are formed In the cores of the swollen par- 



><, Bllnkenshtoet al . in U.S. Pat No. 4,594.363 f 363) also discloses a process for making core and shell 

poryme PaSes ustfu for opacrfying coating films. The perUo.ee disclosed in the '363 patent are prepaid 
bySsion pofy^erizing a core from a core monon^ system of at lea^ ^ 

nL comain^g aSd funcLnallty, encapsulating the core with a hart shell by emu ston , £■ 
monomer syetem In the presence of the core. Theshell system is chosen such that the sheO permits the pan- 
2^ «5Er permanent bases, causing swelling of the core at elevated temperature. When a d.spers.on 
oftheewollen particles is dried, the microvoids cause opacity. . . _„ formaki na 

KowaisW et a) in U.S. Pat No. 4.468.498 ('468) dlscloaes a similar process es disclosed in "836 for making 
an one., po.ymere. The particles disclosed in the '498 patent have a core con- 

taining sufficient acid groups to render the core swel.able by neubalrzation with a ^^""J^£ • " 
ss shell permeable to volstilebase-These heteropo^merdteparsrcne are usefo ,n f qu9 °" 3 ^""9 ^^^l 
Chip et a... in U.S. Patent No. 4,920.160 ('160) disposes core and shall polymeno cycles having a core 
formed monomers having add functionality and a shell free of acid groups The she., -per^etonon- 
' volatile base, such as sodium hydroxide. The non-volatile base penetrates to the cc^ 

swelling of the core. Swelling Is achieved at elevated temperatures tn the absence Of organic solvent These 
<o Sen partides. upon drying in a paint or other composition, haveairln thevofcte end acta, opactfymg agents 
U S Patent No 4 677 003 to Redlich et al. relates to a sequential polymerization process for prepanng a 
water-insoluble disparsion of core and shall particlea having a core containing a solvent bland. The core em£ 
sion Is prepared by emulsifying in water at high shear a mixtere oft hydrophllic solvent; hydrophobic sclent; 
monomer, including oarboxylio acid monomer anionic surfactant water-Insoluble emubion steb fcen and^- 
45 ter-insoluble thermal polymerization initiator. The core emulsion Is heated to polymery the ,n lal monomer; 
forming the core particles. The mixture Is a non-solvent for the polymer prepared. Subsequenfly. a base se- 
lected from ammonia and organic amines ie added, neuirallzlng the polymerized oarboxyl.c acid and forming 
core and shell particles. Optionally, additional monomer is added and polymerized on the core and shell par- 
ticles. These particles are useful as opacifying agents in coating compoeitions and also for microencapsulation 

60 of organic target materials. . . .. 

All of the patents discussed hereinabove lead to core and she., particles with microvoids in the center. It 
ie en essential feature of all the particlea disclosed In the above patents to have a core completely grounded 
tneshelL For example, as stated in column 9.line46^9 of U.S. PatantNO. 4.468.498 pmper.y en^peula^d 
particles have alkali swellable cores that do not titrate with base when exposed * « ™* *^ 
ss plies the core ie completely surrounded. None of the patents discloses core and shell parades w, th m.crovo ds 
' having a channel frem the core, through the shell, to the exterior of the particle. Up unblnow. the g*nnMMrf 
was that channels from the core through the shell are undesirable if the W****™ £^£?£?m£L 
agents in coating compositions because the channels anew the coating bmder to penetrate to the core, f tiling 
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the microvoids and destroying their opacifying power. 

The present invention seeks to provide new particles and processes for making same. 
According to a first aspect of the present invention there is provided a particle comprising a hollow core, 
3 surrounded by a shell, and at least one channel connecting the hollow cere to the exterior of the particle and 
wherein said particle has an average diameter of from about 0-1 to about 5.0 um (micron). 

According to a second aspect of the present invention there is provided a process for making water-in- 
soluble polymer particles, preferably in the form of an aqueous dispersion, comprising (a) sequentially emulsion 
polymerizing in an aqueous medium containing a free radical initiator a core monomer system comprising one 
10 or more monoethylenically unsaturated monomers and at least about 5 mole percent of a carboxyhc acid or 
anhydride monomer, whereby dispersed core particles are formed having an average dlamBter of from about 
0.06 to 1 urn (micron); and (b) polymerizing in the presence of the dispersed core particles resulting from (a), 
a shell monomer system comprising at least one monoethylenically unsaturated monomer having no lonizable 
group toform a shell polymer on the core particles, wherein any monoethylenically unsaturated carboxylic acid 
1B in the shell monomer mixture is present In an amount of no more than about 1 0 mole percent of the shell mono- 
mers, the resultant core-shell particles having an average diameter before neutralization and swelling of from 
about o 07 to 4.5 jim (micron), the relative amounts of core-forming monomer(s) and shell-forming monomer(s) 
being such that the ratio of the weight of the core to the weight of the total polymer in the resulting dispersed 
particles is from about 1:2 to 1:100; and (c) neutralizing said particles formed with a base so as to swell said 
20 core and form particles containihg a microvoid in the core and at least one channel connecting the microvoids 
to the exterior of the particle. 

According to a third aspect of the present invention there is provided the use of the particle In an effective 
amount to strengthen polymer fflms. , 

According to a tout h aspect of the present Invention there is provided the use of the particle In an effective 
25 amount as an opacifying agent in coating compositions- 
According to a fifth aspect of the present invention there is provided the use of the particle In an effective 
amount in a paper coating compositions. 

Preferably, the particle has one channel connecting the hollow core to the exterior of the particle. 
Preferably, the particle is formed by aqueous emulsion polymerization of monoethylsnlcally unsaturated 
30 * monomers. 

^ Preferably, the base used to swell said core is selected from the group consisting of ammonia, amines. 
\ sodium hydroxide, potassium hydroxide, and lithium hydroxide, preferably the base la ammonia, 
ti Preferably, at least about 1 0 mole, preferably at leaet about 30 mole, Percent of said core monomers have 
a carboxylic acid group. 

as Preferably, wherein less than about S mole percent of said shell monomers have a carboxylic acid group. 

Preferably, the ratio of said core component to said shell component is about 1:4 to about 1:15. 
Preferably, at least about B5 percent of the particles formed contain a microvoid in the core and at least 
one channel connecting the microvoid to the exterior of the particle. 

Preferably, the particle according to the first aspect of the present invention is prepared by a process ao- 
40 cording to the second aspect of the present Invention. 

Preferably, the core monomer having a carboxylic acid or anhydride group is selected from the group con- 
sisting of acrylic acid, methacrylic acid, acryloxyproplonic acid, met hacrytoxy propionic acid, acryloxyaceUc 
acid, methacryloxyacefcic acid, monomethyt acid maleate. monomethyl acid itaconata, crotonic acid, aconitic 
acld[ malefc acid, malelc anhydride, furnaric acid, monomethyl fumarate, and methacrylic anhydride. 
45 Preferably, the core monomer having a carboxylic acid group is methacrylic acid. 

Some of the advantages associated with the present invention are that the particles can be used as control 
release devices for target compounds, to impart reinforcing properties to acrylic f Urns, as an opacifying agent 
in coating compositions, and as a supplement or replacement of part or all of the pigmentary material or ex- 
tenders that would otherwise be used in such coating compositions, 
so However, none of t he prior art documents discloses core and shell particles with microvoids having a chan- 

nel from the core, through the shell, to the exterior of the particle. 

In the process of the present invention, core and shell particles can be produced by several of the proc- 
esses discussed above, however, upon swelling of the core wilh, Tor example, a volable base, a non-volatile 
hase or an acid. Ihe core is allowed to swell to such an extent that the pressure produced in the core causes 
55 an •explosion. " This explosion, or release of pressure, causes at least an© channel to form from the core, 
through the shell, to the exterior of the particles. These particles have been given the terminology latex cap- 
sules or "LCAPs." 

The channel through the LCAP's shell allows for equilibration of water-soluble or water suspended mate- 
rials between the two phases. This channel facilitates the rapid equilibration of material between the exterior 
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of the particle and the interior cavity, in addition to using these latex capsules as control release devices for 
target compounds these capsules impart unique reinforcing properties to acrylic f ilms. 

Surprisingly, the latex capsules are good opacifying agents in certain coating composites, superior to 
s similar particles without channels through the shell, particularly In coatings with very high pigment loadings 

^ SSSi ™Sloned prior art patents disclose several suitable synthesis ^^^^^j,^^ 
shell particles. These particular methods can be modified to prepare the particles fo the J™»«nt 'nation 
5 £ntH9. the methods disclosed In U.S. Patent Nos. 4,920.160, 4,594.363, 4.469825, 4.466.490 and 
io 4,427.836 can be modified to produce the LCAPs of the present invention. 

TH* core-shell polymers useful in the present invention are preferably prepared by a multistage, sequential, 
emulsion polymerization process such as descrtoed In U.S. Patent No. 4.427.036 . WM^^ 
in a single stage or step of the sequential polymerization and the shell may be the product of a single s^uent.al 
stage or step following the core stage, the making of the core component may involve a plurality of steps In 
sequence followed by the making of the shell which may involve a series of sequential steps as well 

Thus, the f irst stage of emulsion polymerization in the process of the present invention may be the prep- 
aration of aseed polymer containing small dispersed polymer particles Insoluble in the aqueous emute.on poly- 
marlzation medium. This seed polymermay or may notcontainany acid component but provides parbdes which 
form the nuclei on which the core polymer of acid monomer, with or without n on Ionic comonorner( S ) nfvmad. 

As is common to aqueous emulsion polymers, a water-soluble free radical initiator Is used, such as hydro- 
gen peroxide, tort-butyl peroxide, or an alkali metal (sodium, potassium or lithium) or ammonium persulfate or 
a mixture of such an initiator with a reducing agent, such as a sulfite, (more specifically an alkali metal meta- 
bisurflte, hydrosulf ice. or hyposulflte, or sodium formaldehyde sulfoxyiate) to form a redox system The amount 
Of initiator may be from 0.01 to about 2% by weight of the monomer charged and In a redox system, a corre- 
sponding range {0.01 to about 2%) of reducing agent may be used. ♦ Hnti°r> 
The temperature of the aqueous emulsion polymerization is preferably in the range of about 1 0 C to 1 00 C. 
Higher temperatures can be used under appropriate reaction conditions. In the case of the persulfate systems, 
the temperature is preferably in the range of $0 B C to 9G°C. In the redox system, the temperature is preferably 
in the range of 3D*C to 70'C. preferably 30"C to 60°C, more preferably in the range of 40°C to 30°C. 

Any suitable honionicor anionic emulsiffer may be used, either alone or together. Examples of the nonlonlc 
type of emulslfler include tert-octyiphenoxyethylpol y (39)-ethoxyethanol, and nonylphenoxyethylpely 40)- 
ethoxyethanol. Examples of anionic emulsifier* include sodium leuryl sulfete. sodium dodecylbenzenesulfon- 
ate, and tert-octylphenoxyethoxypoly^ (39)-ethoxyethyl sulfate. The proportion of emulslfler may be zero. In 
the aquation wherein a persulfate inib'ator is used, to about 0.3 weight percent based on the we.fiht of monomer 
36 charged to the f iret stage of polymerization. 

The molecular weight of the polymer formed in a given stage may range from 1 00,000 or lower if a Chain 
transfer agentla used, to several million- The acid-contalnlng core polymer, whether obtained by a single stage 
process or a process Involving several stages, has an average si*e of about 0.02 to about 1,0., preferably 0.1 
to O S, more preferably 0.2 to 0.5 um (micron) diameter in unswollen condition. If the core Is obtained from a 
40 seed polymer, the seed polymer may have an average afee In the range of 0.02 to 0.2 um (micron) diameter. 

The core component Is the product of aqueous emulsion polymerization of one or more monoethylenleally 
unsaturated monomers containing a group of the formula -HC=C<, wherein at least about 5 mole percent or 
more of said monomers contain a carboxylic acid group or an anhydride group. Examples of suitable monoe- 
thylenically unsaturated monomers include styrene, vinyltoluene. ethylene, vinyl acetate, vinyl chlonde. v ny- 
46 lidene chloride, acryfonitrile. acryl amide, met hacryl amide, and various (C.-Caa) alkyl or (^C^alkenyl asters 
of acrylic or methacrylic acid, such as methyl methacrylate, methyl acrylate. ethyl acrylate, ethyl methacry- 
late butyl acrylate, butyl methacrylate. 2-atrrylhexyt acrylate. 2-ethylhexyl methacrylate, benzyl acrylate. ben- 
zyl methacrylate. lauryt acrylate. lauryl methacrylate, palmityl acrylate. paimrtyl methacrylate, stearyl acryl- 
ate. stearyl methacrylate and the like. Examples of suitable monomers containing a carboxylic acid group or 
so an anhydride group Include acrylic acid, methacrylic acid, rtaconlc acid, aconitfc add. maleic acid, malelc an- 
hydride, fumaric acid, crotonlc acid, acryloxy propionic acid methacrytoxyproplonlc acid, acryloxyacetjc ac.d, 
methacrylic anhydride, msthacryloxyacetlc acid, monomethyl acid maleate, monomethyl acid ttaconate, 

monomethyi fumarate and the like. 

Although the core component can be prepared from monomers wherBln at least 5 mole percent or said 
55 monomera contain a carboxylic acid group or an anhydride group, it is preferred that at least 1 0 mole P 8rc » n t 
of said core monomers have a carboxylic acid group or an anhydride group, more preferably at least about 30 
mole percent of said core monomers have a carboxylic acid group or an anhydride group. The preferred core 
monomers having a carboxylic acid group or an anhydride group are acrylic add. methacrylic acid acryloxy- 
propionlc add methacryloxypropionic acid. acryloxyacerJc acid, methacryloxacetic add. monomethyl acid mal- 
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eate, monornethyl acid itaconate, crotonJc acid, aconitic acld T maleic acid, maleic anhydride, furnaric acid and 
monomethyl fumarate. The most preferred acid-containing core monomer is methacryllc acid. 

After the acid core is obtained, a subsequent stage or stages of emulsion polymerization is effected to 

5 form a shell polymer on the acid core polymer particles. This may be performed in the same reaction vessel 
in which the formation of the core was accomplished or the reaction medium containing the dispersed core 
particles may be transferred to anot her reaction container, ft is generally unnecessary to add emulsifier unless 
a polymodal product is desired, but in certain mo nomer/emulsrfler systems for forming theshell, the tendency 
to produce gum or coagulum in the reaction medium may be reduced or prevented by the addition of about 

10 O.05 to about 0.5% by weight based on shell monomer weight, of emulslf lar without detriment to the deposition 
of the shell polymer formed on the previously-formed core particles. 

The monomers used to form the shell polymer on the acid core particles may be any of the monoethylen- 
icalty unsaturated comonomers mentioned hereinbefore for the making of the pore. The monomers used and 
the relative proportions thereof in any copolymers formed should be such that the shell thereby formed is per- 

15 meable to organic or inorganic bases. !n spite of their hydrophobicity, the extremely non-polar or low-polar 
monomers (namely, styrene, aiphGhmethyl styrene, vinyttoluene, ethylene, vinyl chloride and vlnylldene chlor- 
ide) are useful alone or in admixture with more highly polar monomers, such as vinyl acetate. Moriomeric mix- 
tures for making the shell preferably contain less than about 10 mole percent, more preferably less than about 
5 mole percent of monomers having a earboxylic acid group or an anhydride group. However, the equivalents 

20 of acid m the shell polymer should not exceed one-third the equivalents thereof in the core polymer. The content 
of acid monomers serves either or both of two functions; namely, stabilization Of the final sequential polymer 
dispersion and assuring permeability of the shell to a base swellant The shell has a glass transition temper- 
ature from about -40°c to about 1 0Q*C* 

The amount of polymer forming the shell component Is generally sucfi as to provide an overall size of the 

25 core-shen polymer of about 0.07 to about 4.5 urn (microns), preferably aboutO.1 to about 3.5 microns, andmore 
preferably about 0.2 to about 2.0 urn (microns) In unswollen condition before any neutralization to raise the pH 
to about 6 or higher. It Is preferable to select the amount of polymer such that a thin shell is formed which will 
explodeupon neutralization and form an LCAP upon swelling. In the unswollen, unneutral ked state, the weight 
ratio of core polymer to the shell polymer ranges from about 1:1 to about 1:20, preferably from about 1:1 to 

so about 1:10. 

Once th a core-shell polymer par Bdes are formed, they are swollen by subjecting the particles to an organic 
or inorganic base that permeates the shell and neutralizes the core. This neutralization with base causes th© 
core-shell polymer particles to absorb water from the surrounding medium and Swell to such an extent as to 
cause the core-shell particle to explode, forming an LCAP. During this swelling step, rt has been, found that 

35 LCAPs can most effectively be formed if the concentration of the particles In the aqueous medium is preferably 
from about 1 5 to 35% by weight. 

Any organic or inorganic base can be used to neutralize and swell the core-ahell polymer particles to form 
LCAPs. These bases indude, for example, ammonia, amines, sodium hydroxide, potassium hydroxide, lithium 
hydroxide and the like- The more preferred base is ammonia. 

40 Jf the gJaee transition temperature (Tg) of the core or shell is above standard ambient temperature. It may 

be necessary to heat the core-shell polymers above their Tg , orto add a solvent to soften the polymer par tides, 
to effect swelling. The time of exposure to the swelling agent is from about 0.5 to 24 hours, depending on the 
acid content of the core. The greater the acid content the faster the degree of swelling and therefore the less 
the time. If the acid content is low, the temperature can be Increased to facilitate swelling. The degree of swel- 

45 ling is also dependent on the hardness of the shell. 

The LCAP particles of the present invention are formed using the processes described above, provided 
the formation conditions are sufficient to allow for the formation of channels upon swelling of the particles. 
For example, several parameters that can be varied are the thickness of the shell, "softness" of the shell, acid 
level of the core, permeability of the shell to the swelling agent, and exposure time and temperature of the 

so particles to the swelling agent. 

The LCAPs of this Invention are useful to encapsulate aqueous-containing compositions which contain bio- 
logically- or chemlcaUy-active materials, such as. for example T pesticides, fungicides, and fire retardants. The 
LCAPs containing the encapsulated biologically- orchemlcally-acuve material can then be used for controlled 
release of the encapsulated material. ' \ 

55 The process of forming an LCAP can also be used to release specific compounds from the core of a core- 

shell particle. For example, core-shell particles can be used as thickeners whereby, prior to LCAP formation, 
a thickener compositions is encapsulated within the core-shall particle. Then, when the LCAP is formed, the 
thickener composition is released. 

In addition, the LCAPs are useful for imparting reinforcing properties to acryllcf Pms, as an opacifying agent 
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in coating compositions, and as a supplement or replacement of part or all of the pigmentary material or ex- 
tenders that would oth erwise be used In such coating compositions- When used to reinforce films or when used 
as an opacifying agent ft is preferable the amount of LCAPs be from about 5 to 40% by dry weight. 

Other uses of LCAPs are, for example Jn paper coatings and as a method of separation whereby molecule© 
of particularsfees are trapped within LCAPs of a pacific sizes. In paper coatings, LCAPs can be used m topcoats 
Ibr printing grades at an amount of from about 1 to 30% of the dry weight When used in thermally Insulating 
basecoats for facsimile paper, the amount of LCAP Is from about 20 to 90% of the dry weight 
The present invention will now be described by way of example only. 

In the Examples reference shall be made to Figure 1 which is a graph showing the elastic modulus versus 
frequency of the films prepared in Example 2. ... . 

All percentages in the following Examples are weight percentages unless otherwise indicated. 

Example 1 

Core-shell polymer was prepared by sequential emulsion polymerization as described in U.S. Patent No. 
4 427 636 The composition of the core polymer was 5% butyl acrylate, 65% methyl methacrylate and 30% 
methacryilc acid. Tne composition of the shell polymer was 40% ethyl acrylate. 58.5% methyl methacrylate 
and 1-5% methacryilc acid. The ratfo of core polymer to shell polymer was 1:7. The shell polymer had a glass 
20 transition temperature of 55°C. The final dispersion of core-shell polymer had a total solids of 48.4%. Asample 
was titrated with 0.5N KOH. No core mathacrylic acid was detected. Therefore, it was concluded the core was 
wall encapsulated by the shell. To determine the amount of core acid expulsed on rupture of the core-shell 
particle to form LCAPs and the accompanying water uptake, a portion of the dispersion was dllutsd to 10% 
solids and neutralized with 1.5 equivalents of 28% aqueous ammonia. This mixture was heated to 40, 60 and 
26 then 95-C'whne samples were withdrawn periodically and then cooled to room temperature. Approximately 30 
grams of each of the heated samples were centrifuged on a Sorval table top centrifuge at 6,000 RPM for 13 
hours, separating the LCAPs from the aqueous serum. Hie supernatant liquid was poured off. the weight not- 
ed, and titrated with 0.5 N HCl using a Radiometer Automatic Tltrator. The cor* add (pKa around 6.5) was cal- 
culated by: 

30 ■ " ml Titer X 0.5 N Acid x 1Q0 = % core Acid Expulsed 

(theorymeq/g core acld)(jg poly) 
The water uptake was determined by the following calculation: 

ffq eemp - o . suoert - g solids) - 0.4fa solids) _ wa t er uptake 
/ g solids 

55 The value 0.4 is an approximation of the correction tbr interstitial water in the plug. This was determined 

separately on polymer of similar composition and particle size. Table 1 summarizes the data. 
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Supernatant. 




gHaQ/g Polymer. 


+05 


40 


23.68 


O.OOOO 


0-0 


0.97 


+1.0 


40 


22.20 


0.0000 


0-0 


1.47 




40 


21.15 


0-0000 


0.0 


1.82 


+4,0 


40 


20.AO 


0.0029 


4-6 


1,93 


+17.0 


40 


19.68 


0.0070 


10.7 


2-3 


+1,0 


61) 


1835 


0.0136 


19.1 


2-75 


+2.0 


60 


20.02 


0.0250 


38.2 


2,19 


+17.0 


60 


20.20 


0.0400 


61JZ 


2-13 


+17.0 


95 


20.63 


0.0460 


72J0 


1.99 



30 



tPartide from Example 1 - Core (1 part) 5 &A/65 MMA/30 PvlAA and Shell (7 parts) 40 EA/58.5 
MMA/U MAA. All samples were neutralized with 13 Eq. ammonia on core *cid at 10% total 
solids. 

2AI1 Samples to be titrated were taken from the same vessel. The time indicates the incremental 
time at which the samples were taken. 



45 



SO 



The data in Table 1 show that the cor*-shell polymer, after reaching a certain degree of ©welling (>1 -9 g 
hfeO/g of polymer), starts exploding and releasing core acid Into the external aqueous phase; the more swelling, 
the more exploding. After around 20% of the core acid has appeared in the aqueous phase, there appears to 
be soma reduction in swelling which may be due to some relaxation of the stretched shell after the core has 
been expulsed. 

Example 2 

An LCAP was prepared according to the process of Example 1 only having a harder shell (25% ethyl ao- 
rylate. 73.5% methyl rnethacrylate and 1,5% methacrylic acid); a portion was swollen with excess ammonia 
at temperatures above 80°C until most of the core acid was expulsed into the serum. This LCAP was evaluated 
as a reinforcing agentfor polymer films. Films were prepared using no, 5 and 1 0% core/shell polymer (unswoU 
len, no channel) and 5 and 10% of the LCAP with a polymer having a composition of 98.2 BA/1.8 MAA A 30 
mil film was formed from each composition and dried for two weeks. The physical properties of these films 
were measured and the results are shown in Table 2 and Figure 1 . Figure 1 1s a graph showing the elastic mod- 
ulus versus frequency of the films prepare in Example 2- Films d and e containing LCAPs are stronger and 
have less elongation and are thus more reinforced than the controls a. t> and c. 
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FTT M STRE^TRAIN t>a^ AMTTTHRS- AVERAGE VALUES 
VT-riP.AT") - 9(1 TM/-M1N fp , f« nm /s* f ) r.AP ■ 03 TN f 1.27cm) 

break' yield 
strgth 'belong stress . 
sample* ran kgrtu z JOQ* (PSDJsgim* 



a (Comparative) (27.5) 19333 4,4 (9.0) 6327 

* b (Comparative) (29.2)20528 4.0 (10.0)7030 

c (Comparative) (28-1)19754 3.6 (10.9)7663 

d (306)21512 3.4 (14.0)9842 

• e (34.4)24183 2.7 (24.7)17364 



*a - (98.2 BA/1.8 MAA) + no LCAP 
b - (98.2 BA/1.8 MAA) *• 5% core/shell polymer (unswollen, no channel) 
c - (98.2 BA/1.8 MAA) +■ 10% core/shell polymer (unswollen, no channel) 
d - (98.2 BA/1-8 MAA) + 5% LCAP 
e - (98-2 BA/1.8 MAA) + 10% LCAP 



EXAMPLE 3 

Preparation of Acrylic Seed Latex 



A S-|lterf lask equipped with paddle stirrer, thermometer, nitrogen Inlet, and reflux cond enser was charged 
with 2000 grams of deionlzed.water. The water was heated to 8S°C under nitrogen atmosphere ""he*** 
SB and 0 4 grams of Alipal.EP-110 (ammonium salt of sulfated aJkylphenol ethoxylate. 9 rnolesof ethylene oxide, 
30% solids) was added to the flask. Then 164 B rams of a monomeremulsion wte added tothe Basic The mono- 
mer emulsion was prepared from 770 grams of deientzed water. 5.2 grams of All pal EP-110, 780 grams of me- 
thyl methacrytate. and 10.4 grams of met hacryllc acid. This was followed bythe additionof 5.5grams <*s° d ' u ' n 
persulfate dissolved in 40 grams of deionized water. The temperature of the reaction m.xture was allowed to 
40 To the previously prepared monomer emulsion, an additional 20 grams of Alipal EP-110 , and 5 10 grams 

of methacrylic acid were added. Fifteen minutes after the addition of the sodium persulfate solution tothe flask, 
a gradual addition of the remaining monomer emulsion was begun at a rate of 15 grams/minute. The temper- 
ature was allowed to rise to S5°C. where it was maintained throughout tha monomer addition. Frfteen minutes 
after the monomer addition was Completed, the reaction mixture was cooled to 25«>C. Then the P^uCtwaa 
filtered through a 100 mesh screen. The product had a pH of 2.5. 30.0% total solids and an average particle 
diameter of 218 nm (Coulter Nano-Steer). 



EXAMPLE 4-Comparatlva 
so Preparation of Core/Shell Particle 



To a 5-llterf laskequlpped with paddiestirrer. nitrogen Inlet reflux condenser, and thermometerwas added 
2350 warns of deionized water. The water was heated to 80'C undernitrogen atmosphere and then 1.7 grams 
of sodium persulfate dissolved In 40 grams deionized water, followed by 167 grams of the acrylic seed polymer 
dispersion of Example 3 was added to the flask. Amonomer emulsion of 50 grams of deionized water 2 0 grams 
of Alioal EP-110 200 grams of vinyl acetate. 18B grams of methyl methacrylate, 8.0 grams of 1,3-butylene 
glycoi dirnethacrylate. and 4-0 grams of methacrylic add was then gradually added to the flask over 75 min- 
utes The temperature was allowed to rise to 80-C where it was maintained throughoutthe addition of the mono- 
mer emulsion. Concurrent with the addition of the monomer emulsion. 1.3 grams of sodium persulfate d.s- 
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solved in 60 grams of daionized water was gradually added to the flask at a rate of 0.5 grams/minute. Ten mln-. 
utes after the completion of the monomer addition. 45 grams of 28 percent aqueous NH 3 was added to the • 
flask. Asecond monomer emulsion of 37.5 grams pf deionlzed water, 1 .7 grams of Alipal EMIOand 300 grams 

5 of styrene was gradually addsiJ to the flask over 47 minutes. The temperature was allowed to nsa to 85°C where 
it was maintained throughout the monomer addition. After the completion of the monomer addition, 1 .3 grams 
of sodium persulfate dissolved in SO grams of deionized waterwas added to the flask. The temperature of the 
reaction mixture was maintained at85*C for 30 minutes, then cooled to 25°C. The product was filtered through 
a 100 mesh screen. The product had apHof 9.7, a total solids of 20.6 percent, an average par lid e. diameter 

io of 0 66 urn (microns) (Coulter Nano-Seer), tltratable acid Of 27,5 percent of theoretical (see following section 
on Polymer Characterization Part A), dry bulking value of 0.2296 gallon/lb (2 Vkg) (see Polymer Characteriza- 
tion Part B). When viewed by optical microscopy (see Polymer Characterization Part C), nearly every parade 
was seen to contain a single dark spot in the center, indicative of an encapsulated air bubble and when viewed 
by transmission electron microscopy (JEM), the polymer particles were seen to have light centers with dark 

15 and complete shells. 

Example 5 

To a 5-Uterf lask equipped with paddle stirrer, nitrogen Inlet, reflux condenser, and thermometer was added 

20 2350 grams deionfced water. The water was heated to fi0°C under nitrogen atmosphere and then 1.7 grams 
of sodium persulfate dissolved in 40 grains of deionlzed water, followed by 267 grams of the acrylic seed poly- 
mer dispersion of Example 3 was added to the flask. A monomer emulsion of 50 grams of deionized water, 2.0 
grams of Allpal EP-110. 200 grams of vinyl acetate, 196 grams of methyl rnethacrylate. and 4.0 grams of me- 
thacryllc acid was gradually added to the flask over 75 minutes. The temperature was allowed to rise to 80°C 

25 where It was maintained throughout the addition of the monomer emulsion. Concurrent with the addition of 
the monomer emulsion. 1.3 grains of sodium persulfate dissolved in 60 grams of deionlzed waterwas gradually 
added to the flask at a rate of 0.5 grams/minute. Ten minutes after the completion of the monomer addition, 
45 grams of 28 percent aqueous N H 9 was added to t hef lask. A second monomer emulsion of 50 grams of deion- 
lzed water, 2, 0 grams of Alipal EP-1 1 0 and 400 grams of styrene was gradually added to the flask over 52 min- 

30 utes. The temperature was allowed to rise to e5°C where it was maintained throughout the remainder of the 
monomer addition. After the completion of the monomer addition, 1.3 grams of sodium persulfate disaolved in 
60 grams of deionlzed water was added to the flask. The temperature of the reaction mixture was maintained 
at85°Cfor 30 minutes, then cooled to 25°C. The product was f itered through a 100 mesh screen. The product 
had a pH of 9.8. a total solids of 22_4 percent, an average particle diameter of 0.66 urn (microns) (optical ml- 

55 croscopy). a total tltratable acid of 86.8 percent (see Polymer Characterization Part A), and a dry bulking value 
of 0.2465 gallon/lb (2 l/kg) (see Polymer Characterization Part B). When viewed by optical microscopy (see 
Polymer Characterization Part C). few particles had dark centers; this is due to the ability of the immersion 
oil to readHy f ill the microvolds through the channels In the shell. When viewed by transmission electron mi- 
croscopy (TEM), the polymer particles were seen to have light centers due to microvolds with channels in the 

40 shells, as evidenced by light areas in the shell. 



Example 6 

The core-shell polymers of Examples 4. and 5 were compared In coatings containing a low level of pigmen- 
ts taHon: 15 parts (solids) core-shell polymer with 85 parts (solids) of afnm-forming latex with composition 65% 
butyl acrylate. 34% methyl methacrytate and 1% methacrylic acid (by weight)," The blends were drawn down 
onblackvlnyl charts (The Leneta Co.. FormP-121-10N) witha7rriH Dow Applicator and the films were allowed 
to dry in a refrigerator at 1 ° C. The dry f Urns (1.7 mils thick) were examined by optical microscopy and Kubelka- 
Munk scattering coefficients (S) were measured by the method of Minton and Jacobson (Off. Digest, Sept 
so 1983^ pp. 671-911) as a quantitative measure of micro void content and opacity of the dried films. The film con- 
taining the core-shell particles of Example 5 was clear and no microvoids could be seen by microscopy due 
to binder filling the cores through the channels: S/mil (S/0 .00254 cm) was 0X)0. The film containing the Ex- 
ample 4 comparative particles was whitish due to microvolds which could be seen easily with the microscope 
at 90DX and were around 500 nm In diameter; S/mR (S/0,00254 cm) was 0.1 0. Thus, the comparative particles 
55 (Example 4) with no channels through the shells are the better opacrf iers in these films with high binder con- 
tent In Example 7 below, the same two core-shell particles were compared inf ams with high pigment content 
(62.5% by volume) and the opacifying performance is reversed: the particle with channels (Example 5) sur- 
prisingly are the better opacifiers. ' a ' ' 
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Polymer Characterization 

A, Tltratabte Acid Determination 

To 20 grams of polymer dispersion from Example 4 or 5. was added 40 grams of deionteed water. Next. 
1 0 grams of Amberlite (R) IR-1 20 Plus (H) -20+40 ion exchange resin was added and mixed vigorously for 20 
minutes. The mixture was then fBtered through cheese cloth to remove the tori exchange res.n and the total 
solids were determined. 20 grams of the treated dispersion were titrated with 0.5 N NaOH to a f .nal pH of 11 .5. 
10 The maiiequivalents of acid tltratable (from pH 5 to pH 9.5) par gram of polymer titrated were determined. Next, 
the miniequivalente were divided by the theoretical total carboxylk: acid, and expressed as miUiequ.valents per 
gram of polymer, then multiplied by 100. The result was the dtratable carboxylic acid expressed as percentage 
of total acid. 

1B B. Determination of Dry Bulking Value 

A portion of the polymer dispersion from Example 4 and 5 was diluted to 18% total solids. Similarly a poly- 
mer dispersion prepared in the same method as Example 4 and 5. except for the addition of 28% aq_ NH 3 was 
treated 40 g of each diluted dispersion was added to two separate 50 ml centrifuge tubes. The samples were 
20 centrifuge at 15,ooo RPM for 50 minutes (Sorvall Superspeed Centrifuge equipped with SS-34 rotor). The sam- 
ple was decanted and the clear supernatant weighed. The density of the undiluted polymer d^persion from 
Example 4 and 5 were separately determined. The dry bulking values were determined using the following 
equation. 

BV dry = [1 - {1 - x) (cw )] [ (d^ ) (x) (40 - z)l ^(0.1 202) (40 - y) 

25 where: . 

X - solids of undiluted polymer dispersion 

y = weight, in grams, of supernatant from neutralized latex 

z = weight, in grams, of supernatant from unneutral feed latex 

di^ = density, in grsmstec. of the undiluted polymer dispersion 
30 (0.1 202 = converts from cc/g to gallons/lb) 

C. Optical Microscopy 

A sample of polymer dispersion from Example 4 and 5 was dried lb a powder. The dry powder was im- 
35 maraed in hydrocarbon oil (n Q - 1 .51) and viewed by optical microscopy- If the polyirw dispersion consisted 
of particles containing single microvolds with complete shells, many particles with dark centers wera seen (Ex- 
ample 4). If the polymer dispersion was mad© up of parUdee with microvoide predominately with channels 
through the shells, few particles with dark centers were seen; the particles with channels through the shell 
are faintly visible (Example 5). 



40 



EXAMPLE 7 



Two paints were formulated both of whos* pigment volume concentrations were 9% Ti-Pure R-900 (TTOa), 
18.5% Opbwhite P (day), 10% Veramite (calcium carbonate) and 25% of the polymers of Examples 4 and 5', 

45 the paint volume solids were 33% in both cases: the Ti-Pure R-900 (99.3 parts by weight), Optiwhite P (112.4 
parts) and Veramite (74.6 parts) were dispersed in 112-5 parts of water, 23.2 parts of ethylene glycol. 43 parts 
of30%Tamol 850dispersant2parts of Colloid 643 defoamer and 2 parts of AMP-95 auxiliary dlsporsant using 
a Cowtes Model 1-VJ Dissolver at high speed. At slower speed* Colotrend B lamp black dispersion was added 
to give a final dry paint Y-reflectance of around 50%. To half of the above tinted grind was added 10&.2 parts 

» of UCAR 367 latex binder (vinyl acetate/butyl aorylate copolymer, 55% solids). B6.6 parts of the hollow core- 
shell dispersion from Example 4, 3.2 parts of Texanol coalesced. 1 part of Colloid 643. 0.5 part of Nuocept 
95 preservative, 7.5 parts of 32% Acrysol TT-935 thickener, 1 part of 23% aqua ammonia, and 96.1 parts of 
water. A second paint was formulated similarly using the other hatf of the tinted grind only 75.2 parts of the 
polymer dispersion from Example 5 was used and the water was Increased to 107.5 parts. The dry bulwng 

*» values measured In Example 4 and 5 were used to calculate the amount of core-shell dispersion required to 
give 25% volume concentration. Both paints were allowed to equilibrate for three days and then were drawn 
down on vinyl charts with a 7 mil (0.0178 cm) bar and allowed to dry for 7 daysat75°F (23.9'C) and 50% relative 
humidity. The dry f nms were around 1.2 mils (0.00.3 cm) thick and completely opaque. Reflectance readings 
were made with a Colorgard instrument (Gardner Instruments) and averaged 0.45Q and 0,474, respectively. 
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for the Example 4 and 5 paints. From Kubeltca-Munk theory, S/K ^ 2RJ (1-R) where R is the reflectance of a 
thick (opaque) film and S and K are the scattering and adsorption coefficients of the paint, respectively. Sine© 
both paints are tinted with the same concentration of lamp black. K can be assumed to be constant and R will 

5 vary directly with S From the above equation. S Is 10% higher in the paint made with Example 5 dispersion 
of this invention than in the paint made with Example 4 dispersion of the prior art; the higher S value means 
that in thin paint films, the Example 5 paint will be more opaque than the Example 4 paint at equal thickness. 

In the specification the following trade marks have been used: Acrysol (Rohm and Haas Company): Allpai 
(Rhone-Poulenc); Amberlite (Rohm and Haas Company): Nuosept (Nuodex): Optiwhite (Burgess pigment Co.); 

10. Texanol (Eastman Kodak); Veramite, | ; . , 

Claims 

A particle comprising a hollow core, surrounded by a shell, and at leastone channel connecting the hollow 
core to the exterior of the particle and wherein said particle has an average diameter of from about 0.1 
to about 5.0 ntT> (micron). 

^ The particle of claim 1 wherein said particle has one channel connecting the hollow core to the exterior 
20 of the particle. 

3. The particle of claim 1 or claim 2 wherein sold particle is formed by aqueous emulsion polymerization gf 
monoethylenlcally unsaturated monomers. 

4. A process for making water-insoluble polymer particles, preferably in the form of an aqueous dispersion, 
25 comprising 

(a) sequentially emulsion polymerizing In an aqueous medium containing a free radical initiator a core 
monomer system comprising one or more monoethylenically unsaturated monomers and at least about 
5 mol e percent of a earboxytic acid or anhydride monomer, whereby dispersed core particles are formed 
having an average diameter of from about 0.05 to 1 \un (micron): and 

30 (b) polymerizing in the presence of the dispersed core particles resulting from (a), a shell monomer 

system comprising at least one monoethylenically unsaturated monomer having no ionizable group to 
form a shell polymer on the core particles, wherein anymonoethylenlcaHy unsaturated carboxyl ic acid 
in the shall monomer mixture Is present in an amount of no more than about 10 mole percent of the 
shell monomers, the resultant core-shell particles having an average diameter before neutralization and 

35 swelling or from about 0.07 to 4.5 pm (micron), the relative amounts of core-forming monomers) and 

shell-forming monomer(s) being such that the ratio of the weight of the core to the weight of the total 
polymer in the resulting dispersed particles is from about 1:2 to 1:100; and 

(c) neutralizing said particles formed with a base so as to swell said core and form particles containing 
a microvoid in the core and at least one channel connecting the microvoidstothe exterior of the particle. 

5. The process of daim 4 wherein said base used to swell said core is selected from the group consisting 
of ammonia, amines, sodium hydroxide, potassium hydroxide, and lithium hydroxide, preferably the base 
Is ammonia, 

6. The process of claim 4 or daim 5 wherein at least about 10 mole, preferably at least about 30 mole, percent 
of said core monomers have a cerboxyllc acid group. 

7. The process of claim 4 or any claim dependent thereon wherein lees than about 5 mole percent of said 
shell monomers have a carboxylic acfd group. 

■ ,i 

8. The process of daim 4 or any claim dependent therBon wherein the weight ratio of said ©ore component 
to said shell component Is about 1:4 to about 1:15. 

9. The process of claim 4 or any daim dependent thereon wherein at loast about 65 percent of the particles 
formed contain a microvoid in the core and at least one channel connecting the microvoid to the exterior 
of the particle. { " - 

1 0. The particle according to claim 1 prepared by a process according to claim 2 or any daim dependent there- 
on. 
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